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Description 

[0001] The present invention relates to a process for preparing elastomeric copolymers of ethylene-propylene (EPM) 
type and elastomeric terpolymers of ethylene-propylene-diene (EPDM) type. 
5 [0002] For the above said copolymerizations, zirconium or titanium complexes are being developed more and more 
which bear ligandsof bis-indenyl type, bis-fluorenyl type or of mixed type, as, e.g., fluorenyl-cyclopentadienyl ligands 
(P.C. Mohring, N.J. Coville, J. Organomet. Chem. 479, 1, 1994). 

[0003] Unfortunately, these catalysts display the drawback that not always they give rise to acceptable viscosity 
values from application viewpoint, in particular when elastomeric copolymers of ethylene-propylene type are prepared 
10 with propylene contents comprised within the range of from 35 to 65 % by weight, which is that composition range 
which yields the best results as to elastomeric properties. 

[0004] It is known as well that in the preparation of EPM or EPDM copolymers, the copolymerization is often per- 
formed in the presence of hydrogen as a molecular weight regulant. 

[0005] However, the use of hydrogen implies sometimes considerable difficulties owing to the high sensibility of the 
15 metallocene-based catalytic system to hydrogen. It derives that the hydrogen amounts suitable for regulating the mo- 
lecular weight are too low to be properly metered. 

[0006] EP-A-0 752 428 discloses a new family of metallocenes, in particular o-xylene-ot.cc'-bisindenyl metallocenes. 
These metallocenes are prepared by starting from ot,a'-dibromo-o-xylene and indene, or its derivatives, in the presence 
of lithium-butyl. The so obtained o-xylene-cc.a'-bis-indenyl is then reacted with ZrCI 4 , thus giving rise to the above said 
20 metallocenes. 

[0007] The present Applicant found now that some of these metallocenes are particularly useful in the production of 
ethylene-propylene elastomers with high Mooney viscosity values and make it possible the above drawbacks to be 
overcome. 

[0008] In accordance therewith, the present invention relates to a process for preparing elastomeric copolymers of 
25 ethylene-propylene (EPM) type and elastomeric terpolymers of ethylene-propylene-diene (EPDM) type with propylene 
contents comprised within the range of from 15 to 75 % by weight, preferably of from 25 to 70 % by weight, still more 
preferably of from 35 to 60 % by weight, which comprises the following steps: 

1 ) propylene and optional diene are fed to a polymerization reactor, preferably diluted with a hydrocarbon, still 
30 more preferably with a low boiling C 3 -C 5 hydrocarbon, preferably propane, under such a pressure as to allow 

propylene to be used in liquified form; 

2) ethylene is added to the mixture obtained from above step (1) in a sufficient amount for keeping the desired 
ethylene:propylene ratio in the liquid phase; 

3) to the mixture obtained from above step (2), the catalytic system is added which comprises one or more met- 
35 allocenes having the general formula (I) and one or more co-catalysts selected from (i) compounds with general 

formula (IV) (Ra) x NH 4 . x B(Rd) 4 , with general formula (V) (Ra) 3 PHB(Rd) 4 , with general formula (VI) B(Rd) 3 , with 
general formula (VII) (C 6 H 5 ) 3 CB(Rd) 4 , optionally in the presence of an alkylating agent, (ii) alumoxane; in said 
compounds of general formula (IV), (V), (VI) or (VII), x being selected from 1 , 2 or 3; the Ra groups which may be 
the same or different from one another, being monofunctional alky! or aryl radicals and the Rd groups, which may 
40 be the same or different from one another, being monofunctional aryl radicals. 

4) the mixture obtained from above step (3) is caused to react during a long enough time in order to allow the 
polymerization to take place of the system constituted by ethylene, propylene and optional diene system in order 
to yield an EP(D)M having a Mooney viscosity (ML 1+4 at 1 00°C) higher than 20, the Mooney viscosity (1+4) being 
determined at 100°C according to ASTM Method D 1646/68 ; 

45 

characterized in that the catalytic system comprises at least one metallocene selected from those having the general 
formula (I) 



so 



55 
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15 wherein 

M is zirconium, X is chlorine; 

A is a radical of r| 5 -indenyl type (la) or T| 5 -tetrahydroindenyl type (lb) 



20 



25 




R t H A ( 



30 < Ia > db) 

wherein the radicals R 1 and R 2 , which may be the same or different from each other, are selected from H, aliphatic 
radical, cycloaliphatic radical, aryl radical, preferably from hydrogen, methyl, ethyl, phenyl; 

with those compounds in which A is represented by formula (la), R2 = H and Rj is different from -H in 3-, 4- and 
35 7-positions, being excluded. 

[0009] According to the preferred embodiment, all are the same and are -H and in A radical the number of 
different from -H is equal to, or lower than, 3. 

[0010] Examples of compounds having general formula (I) with different A radicals and different H A radicals, which 
are effective in the process according to the present invention, are: 

40 

o-xylene-a.a'-bis-lTj^fS-methylJ-inden-l -ylj zirconium dichloride; 

- o-xylene-a,a'-bis-[Ti 5 -(5,6-dimethyl)-inden-1-yl] zirconium dichloride; 
o-xylene-a,a*-bis-[Ti 5 -(4,7-dimethyl)-inden-1-yl] zirconium dichloride; 
o-xylene-a.a'-bis-^^tS-methyO^.S.SJ-tetrahydroinden-l-yl] zirconium dichloride; 

45 - o-xylene-a,a'-bis-[T| 5 -(3,5 t 6-trimethyl)-4,5,6,7-tetrahydroinden-1-yl] zirconium dichloride; 
o-xylene-a,a'-bis-[T| 5 -inden-1 -yl] zirconium dichloride; 

- o-xylene-a,a , -bis-[Ti 5 -(3,5,6-trimethyl)-inden-1 -yl] zirconium dichloride; 
o-xylene-a,a'-bis-[r| 5 -(3-ethyl)-inden-1-yl] zirconium dichloride; 
o-xylene-a,a'-bis-[T| 5 -(3-phenyl)-inden-1 -yl] zirconium dichloride; 

50 - o-xylene-a,a'-bis-[Ti 5 -4,5,6,7-tetrahydroinden-1-yl] zirconium dichloride; 

[001 1 ] A typical example of metallocenes which cannot be used in the preparation of EP(D)M according to the present 
invention is oocylene-a,a'-bis-[T| 5 -3,4,7-trimethyl-inden-1-yl ] zirconium dichloride. 

[0012] In the copolymerization of ethylene with propylene (and optional diene) the catalytic system additional com- 
55 prises, besides metallocene of general formula (I), also a further component (which will be referred to herein as "co- 
catalyst") selected from alumoxane and compounds having the general formula (IV) (Ra) x NH 4 . x B(Rd) 4 (wherein x is 
selected from 1, 2 or 3) or (V) (Ra) 3 PHB(Rd) 4> or (VI) B(Rd) 3 , or (VII) (C 6 H 5 ) 3 CB(Rd) 4 , which, by reacting with a 
metallocene having the general formula (I) are capable of generating catalytic systems with ionic character. In the 
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above said compounds having general formula (IV), (V), (VI) or (VII), the Ra groups, which may be the same or different 
from one another, are monofunctional alkyl or aryl radicals, and Rd's, which may be the same or different from one 
another, are monofunctional aryl radicals, preferably partially or totally fluorinated, still more preferably totally fluori- 
nated. 

s [0013] The nature of the co-catalyst is known to determine the modalities of preparation of the catalytic system. In 
the following the general description is supplied of two methods of preparation of the catalytic system, both of which 
are well known for those skilled in the art. 

[0014] According to a first method, the catalytic system is prepared by starting from one or more metallocenes of 
general formula (I) and an alumoxane. Under the general term "alumoxane", an aluminium compound is meant, which 

10 can have an either linear or cyclic structure. The linear structure as the general formula (VIII) 
(R e ) 2 -AI-0-[-AI-0(R e )-0-] p -AI(R e ) 2 , and the cyclic alumoxanes have the general formula (IX) 
4-0-AI(R e )-0]p +2 -, in which the several R e 's, which may be the same or different from each other, are selected from 
H, C r C 6 -alkyl radicals, C 6 -C 18 -aryl radicals; "p" is an integer having a value comprised within the range of from 2 to 
50, preferably of from 10 to 35. When the several R e 's are all the same, they are selected from methyl, ethyl, propyl, 

is isobutyl, and preferably are methyl. 

[001 5] When the several R e 's are different from one another, they preferably are methyl and hydrogen or, alternatively, 
methyl and isobutyl, with hydrogen and isobutyl being preferred. 

[0016] The alumoxane can be prepared according to various methods well known to those skilled in the art. One 
from these methods comprises, for example, reacting an aluminium alkyl compound and/or an aluminium alkyl hydride 

20 with water (either in gas, or solid, liquid or bound form, for example as crystal water) in an inert solvent, for example, 
toluene. For preparing an alumoxane having different R e alkyl radicals, two different trialkyl aluminum compounds 
(AIR3+AIR3) are reacted with water (see S. Pasynkiewicz, Polyhedron 9 (1990) 429-430 and EP-A-302,424). 
[0017] The precise nature of alumoxane is not known, however from the market toluenic solutions of methyl-alumox- 
ane are available, as, e.g., the product Eurecene 5100 10T ex firm Witco), of which the active aluminium concentration 

25 is indicated, which makes it very easy to use. 

[0018] The catalytic system is prepared by adding to the mixture of the thoroughly desiccated monomers, previously 
charged to the polymerization reactor, a hydrocarbon solution of 10 % alumoxane by weight. The resulting mixture is 
heated up to the desired temperature and then one or more metallocenes are added, which are selected from those 
with general formula (I), in such an amount as to obtain a total concentration comprised within the range of from 10" 8 

30 up to 1 0* 4 M according to its activity, and with a molar ratio of aluminium to metal locene comprised within the range of 
from 5X10 2 to 2x1c 4 . In this way, the catalytic system is defined as being "prepared in situ ". 

[0019] According to an alternative procedure, metallocene, or metallocene mixture, can be preactivated with alu- 
moxane before being used in the polymerization step, with its activity being increased by this procedure. In this case, 
metallocene is dissolved in an inert hydrocarbon solvent, which is preferably either aliphatic or aromatic, still more 

35 preferably toluene, so that its concentration is comprised within the range of from 10" 1 up to 10 -4 M. The solution of 
alumoxane in toluene is then added in such a way that the molar ratio of alumoxane to metallocene is comprised within 
the range of from 5x1 0 2 up to 2x1 0 4 . The components are caused to react during a time comprised within the range 
of from a few minutes up to 60 hours, preferably of from 5 to 60 minutes, at a temperature comprised within the range 
of from -78°C up to +100°C, preferably of from 0°C up to 70°C. This route of preparation of the catalytic system is 

40 commonly referred to as "preliminary formation". When the preliminary formation time is ended, the reaction mixture 
is added to the mixture of monomers previously prepared in the polymerization reactor, in such an amount that the end 
concentration of metallocene in the reaction mixture is comprised within the range of from 10- 8 to 10- 4 moles/litre. 
[0020] According toa second method, the catalytic system is prepared still by starting from one or more metallocenes 
with general formula (I) and aco-catalyst with general formula (IV), (V), (VI) or (VII). In this case, the operating modalities 

45 depend on the nature of X radicals bound to M in the general formula (I). 

[0021] With X being equal to H or to an alkyl radical, the catalytic system is prepared by adding one or more metal- 
locenes with general formula (I) to the previously prepared monomer mixture, in such an amount the total concentration 
is comprised within the range of from 10' 8 up to 10 -4 moles/litre. The mixture is then heated up to the desired temperature 
and then, as the co-catalyst, a compound is added which is selected from the compounds having general formula (IV), 

50 (V), (VI) or (VII), as disclosed in EP-A-277,004; at such a concentration that the total molar ratio to metallocene is 
comprised within the range of from 0.7 to 3.5. 

[0022] When X is different from H or a hydrocarbyl radical, the catalytic system will be formed by one or more met- 
allocenes having general formula (I), an alkylating compound selected from trialky (aluminium, dialkymagnesium and 
alkyllithium, or still other alkylating agents well known to those skilled in the art, and any of compounds of general 
55 formula (IV), (V), (VI) or (VII), or a mixture thereof, as disclosed in EP-A-61 2,769. In order to generate the catalytic 
system, the metallocene compound having general formula (I) is premixed with the suitable alkylating agent in either 
aliphatic or aromatic hydrocarbon solvents, or mixtures thereof, at a temperature comprised within the range of from 
-20 to +1 00°C, preferably of from 0°C to 60°C, and still more preferably of from +20°C to +50°C, during a time comprised 
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within the range of from 1 minute to 24 hours, preferably of from 2 minutes to 12 hours, still more preferably from 5 
minutes to 2 hours. 

[0023] The molar ratio of the alkylating compound and the compound with general formula (I) may be comprised 
within the range of from 1 to 1000, preferably of from 10 to 500, still more preferably of from 30 to 300. 
5 [0024] The mixture is then brought into contact with a compound with general formula (IV), (V), (VI) or (VII) at the 
temperature indicated above, during a time comprised within the range of from 1 minute to 2 hours, preferably of from 
2 minutes to 30 minutes, and the resulting mixture is then fed to the polymerization reactor. The molar ratio of compound 
with genera! formula (IV), (V), (VI) or (VII) to metallocene (I) can be comprised within the range of from 0.1 to 10, 
preferably of from 1 to 3. 

10 [0025] Independently of the method used in order to prepare the catalytic system, the reaction between the metal- 
locene with general formula (I) and the co-catalyst can be carried in the presence, or less, of variable amounts of one, 
or all, of the monomer (s) to be polymerized. In the event small amounts of monomer to be polymerized are present, i. 
e., with molar ratios of monomer:metallocene comprised within the range of from 10 to 1000, that process takes place 
which, according to the prior art, is referred to as "pre polymerization", during which small amounts are formed of a 

is solid polymer which embed nearly all the components of the catalytic system. This suspension of polymer/catalytic 
system displays a still higher catalytic activity, and can be used in order to polymerize large amounts of monomers, 
with the morphologic characteristics of the resulting polymer being improved. 

[0026] The catalytic systems according to the present invention are generally used at very low molar concentrations, 
comprised within the range of from 10 -8 up to 10~ 4 , as expressed as metallocene of general formula (I). Although they 

20 are so diluted, these catalytic systems are characterized by a very high activity, comprised within the range of from 
500 to 1 0,000 kg of polymer per g of transition metal per copolymerization hour. However, in order to obtain this activity 
levels at the above reported concentrations, the catalytic system must be carefully protected from possibly present 
catalyst poisons, also at ppm (parts per million parts) levels, in the monomers, above all in propylene, and in the 
solvents used in the polymerization reaction. This result can be obtained by using, in the polymerization environment, 

25 particularly effective substances for removing impurities characterized by the presence of active hydrogens, as trialky- 
laluminium compounds, in particular trimethylaluminium, triethylaluminium, triisobutylaluminium and diisobutylalumin- 
ium monohydride. These substances do not participate directly in the catalytic process, but are capable of effectively 
capturing the above mentioned poisons, when used at concentrations of about lO^-IO -4 M in the polymerization en- 
vironment. 

30 [0027] The catalytic system of the present invention can be applied to polymerization reactions in slurry phase (in 
which a dispersant is used, for example, propane or butane), and to polymerization essentially carried out in the absence 
of solvents (as solvent-free polymerization in liquid phase). Of course, the catalyst of the invention can be applied to 
continuous or batch wise polymerization. 

[0028] When batchwise polymerization is carried out, the reaction time, as a function of temperature and concentra- 
35 tion, is generally comprised within the range of from 10 minutes to 10 hours, preferably of from 30 minutes to 120 
minutes. 

[0029] The polymerization temperature is approximately comprised within the range of from -78°C to 200°C, pref- 
erably of from -20°C to 100°C, still more preferably of from 10°C to 70°C. No particular limits exist on olefin pressure 
in the reaction system, although, preferably, the pressure is comprised within the range of from atmopsheric pressure 
40 up to 50 kg/cm 2 G. 

[0030] In the polymerization process, the molecular weight can be controlled by means of any known methods, for 
example by suitably selecting polymerization temperature and pressure, and adding hydrogen. 
[0031] At the end of the polymerization process, the produced elastomer leaving the reactor is recovered in various 
ways, for example by submitting it to a stripping treatment, preferably with water by steam stripping, in order to remove 
45 non-converted monomers and the possibly used diluent. This operation can be followed by a treatment on the extruder, 
by means of which water and possible residual olefin traces are removed. 

[0032] When preparing EPDM's is desired, the useful dienes for preparing EPDM terpolymers are selected from: 

o straight-chain dienes, as 1 ,4-hexadiene and 1 ,6-octadiene; 
50 o branched dienes, as 5-methyl-1 ,4-hexadiene; 3,7-dimethyl-1 1 6-octadiene; 3,7-dimethyM ,7-octadiene 
° single-ring cyclic dienes, as 1 ,4-cyclohexadiene; 1, 5-cyclooctadiene; 1,5-cyclododecadiene; 
° dienes with bridge-condensed rings, as dicyclopentadiene; bicycle[2.2.1]epta-2,5-diene; alkenyl-, alkylidene-, cy- 

cloalkenyl and cycloalkylidene norbornenes, as 5-methylene-2-norbornene, 5-ethylidene-2-norbornene (ENB), 

5-propenyl-2-norbornene. 



55 



[0033] Among non-conjugated dienes tipically used for preparing these copolymers, those dienes are preferred which 
contain at least one double bond, in a stretched ring, still more preferably 5-ethyIidene-2-norbornene (ENB) and fur- 
thermore 1 ,4-hexadiene and 1 ,6-octadiene. 
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[0034] In the case of EPDM terpolymers, the amount of dienic monomer should not exceed 15 % by weight and 
should preferably be comprised within the range of from 2 to 10 % by weight. 
[0035] A further object of the present invention are the following metallocenes: 

5 A) o-Xylene-a.a'-bis-tnMS-methylH, 5, 6,7-tetrahydroinden-1-yl] zirconium dichloride, i.e., compound of general 

formula (I) in which R 2 = H, X = CI, M = Zr, A has the structure (lb) in which R 1 = CH 3 in 3-position, R 1 = H, in all 
other positions. 

B) o-Xylene-cca'-bis-fri 5 -^, 5, 6-trimethyl) -4, 5, 6,7-tetrahydroinden-1 -yl] zirconium dichloride, i.e., compound of 
general formula (I ) in which R 2 = H, X = CI, M = Zr, A has the structure (lb) in which = CH 3 in 3-, 5- and 6-positions, 

10 R 1 = H, in all other positions. 

C) o-Xylene-a,a'-bis-[T| 5 -(3-ethyl)-inden-1-yl] zirconium dichloride, i.e., compound of general formula (I) In which 
R 2 = H, X = CI, M = Zr, A has the structure (la) in which R t = C 2 H 5 in 3-position, R A = H, in all other positions. 

D) o-Xylene-a,a'-bis-[Ti 5 -(3-phenyl)-inden-1 -yl] zirconium dichloride, i.e., compound of general formula (I) in which 
R 2 = H, X = CI, M = Zr, A has the structure (la) in which = phenyl in 3-position, R-, = H, in all other positions. 

is E) o-Xylene-ot,a , -bis-[T| 5 -(3, 5, 6-trimethyl)-inden-1-yl] zirconium dichloride, i.e., compound of general formula (I) 

in which R 2 = H, X = CI, M = Zr, A has the structure (la) in which H A - CH 3 in 3-, 5- and 6-positions, R A - H, in all 
other positions. 



[0036] The characterization of the copolymers produced according to the present invention was carried out mainly 
20 by determining the propylene content in the solid polymer and the bulk viscosity as determined by measuring Mooney 
viscosity on the pristine copolymer. The mechanical properties of the products were determined by submitting the 
copolymers to vulcanization. For all of these analyses, the corresponding method used and, when available, the method 
reported in technical literature, are supplied in the following. 

[0037] The determination of the contents of propylene and optional diene is carried out (according to a method 
2S developed by the present Applicant) via IR on the polymers in film form with a thickness of 0.2 mm, using a Perkin- 
Elmer FTIR spectrophotometer model 1760 (Fourier Transform Infrared Spectroscopy). 

[0038] Viscosity [Mooney viscosity (1 +4)] is determined at 1 00 P C by using a Monsanto °1 500 S" viscometer, accord- 
ing to ASTM method D 1646/68. 

[0039] As regards the determination of the mechanical properties, these analyses were carried out on vulcanized 
30 copolymers. In the following, the vulcanization compound formulation and the dynamic-mechanical determinations 
carried out according to the corresponding DIN methods, are reported. 

A) Vulcanization 

35 [0040] The vulcanization compounds were prepared by using the formulation as reported in following Table 1 . 



TABLE 1 



INGREDIENTS 


PARTS BY WEIGHT 


for EPM 


for EPDM 


Polymer 


100 


100 


FEF carbon black (1) 


55 


55 


Zinc oxide 


5 


5 


Peroximon F40 MG (2) 


5 


5 


Sulfur 


0.37 


1.5 


Tetramethylthiuram disulfide 




1.5 


Mercaptobenzothiazole 




0.75 


Paraffin oil (3) 


30 


30 



(1) High Abrasion Furnace, low structure, carbon black, ex Cabot; 

(2) biS'(tert.-butylperoxy-isopropyl)-benzene, masterbatch at 40 % in EP copolymer, produced by Atochem. . 



[0041] The compound, homogenized on a roller mixer, is vulcanized between press platens under a pressure of 18 
MPa and kept at 165°C during 40 minutes. 
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B) Mechanical characteristics 

[0042] The mechanical characteristics of the vulcanized copolymers were determined on dumb-bell specimens pro- 
duced from the vulcanized slabs. 
5 [0043] The measurement of the tensile strength was carried out according to ASTM D 41 2-68, of elongation at break 
according to ASTM D 412-68, of tension Set at 200% according to ASTM D 412-68, of Shore A hardness according 
to ASTM method D 2240-68. 

[0044] The following examples are reported in order that the present invention may be better understood. 
10 EXAMPLES 

[0045] In the following examples, the following metallocenens of general formula (I) are used: 

o-xylene-a,a'-bis-[r| 5 -(3-methyl)-inden-1 -yl] zirconium dichloride, the preparation of which is disclosed in example 

is 5 of EP-A-0 752 428 indicated herein the following as "metallocene A"; 

o-xylene-a,a'-bis-[ii 5 -(5,6-dimethyl)-inden-1-yl] zirconium dichloride, the preparation of which is disclosed in ex- 
ample 7 of the above European Patent Application, designated herein in the following as "metallocene B"; 
o-xylene-a,a'-bis-[Ti 3 -(4,7-dimethyl)-inden-1-yl] zirconium dichloride, the preparation of which is disclosed in ex- 
ample 2 of the above European Patent Application, designated herein in the following as "metallocene C"; 

20 - o-xylene-a.a'-bis-h^fS-methyO^.S.ej-tetrahydroinden-l -yl] zirconium dichloride, referred to herein in the follow- 
ing as "metallocene D"; 

o-xylene-a.a'-bis-lTiS-fS.S.e-trimethyO^.S.ej-tetrahydroinden-l-yl] zirconium dichloride, referred to herein in the 
following as "metallocene E"; 

o-xylene-a,a*-bis-[T| 5 -inden-1-yl] zirconium dichloride , designated herein in the following as "metallocene F\ the 
25 preparation of which is disclosed in example 1 of the above European Patent Application,; 

o-xylene-a,aMDis-[T|^3,5,6-trimethyl)-inden-1 -yl] zirconium dichloride, referred to herein in the following as "met- 
allocene G"; 

o-xylene-a,a'-bis-[r| 5 -(3,4,7-trimethyl)-inden-1 -yl] zirconium dichloride, referred to herein in the following as "met- 
allocene H", not encompassed by the present invention; 
30 - o-xylene-a.a'-bis- [n 5 -(3-ethyl)-inden-1 -yl] zirconium dichloride, referred to herein in the following as "metallocene 

II 

- o-xylene-a,a'-bis-[Ti 5 -(3-phenyl)-inden-1 -yl] zirconium dichloride, referred to herein in the following as "metallocene 

L"; 

35 EXAMPLE 1 

[0046] The preparation is reported of an elastomeric copolymer according to the present invention, obtained from 
metallocene A and methylalumoxane, by preparing the catalytic system according to the "preliminary formation meth- 
od", as discussed in the general section. 

40 [0047] The polymerization is carried out inside a pressure reactor of 3.3 litres of capacity, thermostatted and equipped 
with magnetic stirring means. The reactor is purged with 1 I of anhydrous "polymerization grade" propylene containing 
(by weight/volume) 5 % of aluminium triisobutyl (TIBA), the mixture is vented, the reaction is washed again with fresh 
propylene and is then emptied. By keeping temperature at 23° C, 2 litres of propylene are charged to the reactor, then 
5 ml (1.5 x 10- 3 moles) is added of a 0.3 M solution of TIBA in hexane, and the reactor is then heated up to the 

45 polymerization temperature, of 45°C. Through a dipleg ethylene gas is injected in order to obtain an 8 % concentration 
by mol in the liquid phase, and the mixture of monomers is kept at 45°C during 30 minutes. 
[0048] Inside a Schlenk tube, kept under nitrogen, the solution of catalyst is prepared by adding, in the order shown, 
10 ml of toluene, 1 .2 ml (1 .82 x 10* 3 moles) of an 1 .5 M solution of methylalumoxane Eurecene 5100 10T ex firm Witco, 
0.6 ml (1 .1 x 10 -6 moles) of an 1 .9 x 10/ 3 M solution of metallocene A in toluene. The molar ratio of aluminium:zirconium 

50 results hence to be of 1650. The so formed catalyst solution is kept at room temperature during 10 minutes and is then 
poured, under an inert gas flow, into a metal container from which, by means of a nitrogen overpressure, it is transferred 
to the reactor containing the monomers to be polymerized, caring of washing the container with 10 ml of toluene 
containing 1 .2 ml (1 .82 x 10* 3 moles) of the same 1 .5 M methylaluminoxane solution previously used. The end value 
of methyl alumoxane:Zr ratio results hence to be of 3300. The polymerization reaction is carried out at 45°C caring of 

55 keeping ethylene pressure constant by continuously feeding ethylene from a cylinder charged to a balance, which 
allows the absorbed monomer weight to be monitored throughout the polymerization reaction. After 1 hour, ethylene 
feed is discontinued, the residual monomers are vented off and the autoclave is rapidly cooled down to room temper- 
ature. 185 g of polymer is recovered, with a catalyst activity of 2100 kg of polymer per g of zirconium metal. On the 
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solid material, dried and homogenized on a roller mill, the normal physical-chemical analyses are carried out which 
show a propylene content in the polymer of 42 %, by weight, a Mooney viscosity of > 120, a weight average molecular 
weight (M w ) of 5.6 x 10 5 and a molecular weight dispersion [MJM n ) of 2.5. 

s EXAMPLES 2-11 

[0049] The polymerizations have been carried out according to the operating modalities of Example 1 . Test conditions 
and results are shown in Table 2. 

[0050] The examples show that the catalytic systems obtained by starting from metallocenes according to the present 
10 invention are active to produce elastomeric ethylene-propylene copolymers with high values of Mooney viscosity. 

[0051] Examples 2, 3, 5, 8-10 also show how the viscosity of the resulting elastomers can be easily controlled by 
using metered hydrogen amounts during the polymerization reaction. 

[0052] In example 8 metallocene G is used; the synthesis of the latter is reported in the following. 
15 Synthesis of o-xylene-c^a'-bis-Iri^a.S^trlmethylJ-lnden-l-yl] zirconium dlchloride (metallocene G). 
Synthesis of 1 ,5,6-trlmethyllndene. 

[0053] Crotonyl chloride, 140 g (1 .34 moles), dissolved in 1 50 g (1 .41 moles) of o-xylene is added to the suspension 
20 of 210 g (1 .57 moles) of aluminium trichloride in 800 ml of methylene chloride, kept at the temperature of 10°C, during 
approximately 2 hours. When addition is complete, temperature is allowed to rise up to reach room temperature value, 
and the reaction mixture is kept with stirring during further 2 hours. The mixture is hydrolysed with ice-water and the 
organic phase is washed with water until neutral, then is dried over sodium sulfate and concentrated to dryness. The 
obtained residue is added to 1 I of concentrated H 2 S0 4 and the resulting mixture is kept heated at 80°C during 1.5 
25 hours. After cooling, the resulting mixture is poured on ice and is extracted with ethyl ether. The ethereal phase is 
washed with water and then with saturated solution of sodium bicarbonate, until neutral. The resulting solution is dried 
over sodium sulfate and ether is evaporated off. 210 g is obtained (yield 90 %) of a mixture of isomeric indanones, as 
a dark oil. 

[0054] To the solution of 21 0 g of indanone derivatives dissolved in a mixture of 700 ml of THF and 350 ml of MeOH, 
30 solid sodium boron hydride (30 g) is added during 1.5 hours, with temperature being kept at 10°C. At the end, the 
reaction mixture is kept with stirring for a further hour. The reaction mixture is poured into ice-water and is extracted 
with ethyl ether. The ethereal extract is washed with water until neutral; it is then dried over sodium sulfate and the 
solvent is evaporated off, with 205 g being obtained of a mixture of isomeric indanols (yield 96 %). The residue is 
crystallized by dissolving it in 1 litre of hot heptane. 786 g is obtained (yield 36 %) of 3,5,6-trinethyM-indanol 96 % 
35 pure according to chromatographic analysis. 

[0055] An amount of 100 g of silica (230-400 mesh) is added to 76 g (0.432 moles) of 3,5,6-trimethyl-1-indanol, 
dissolved in 800 ml of toluene and 800 ml of heptane. The resulting mixture is kept refluxing for 4 hours with formed 
water being distilled off. At the end, the reaction mixture is filtered and silica is washed with petroleum ether. After 
evaporating the solvent, the residue is distilled under vacuum and the fraction boiling at 115-116°C/25 mm Hg is col- 
40 lected. 

[0056] 42 g is obtained of 1 ,5,6-trimethyl-indene (yield 80 %). 
Synthesis of aja'-bis^Sje-trimethylinden-l-ylJ-o-xylene. 

45 [0057] 52 ml (0.1 30 moles) of alkyl lithium in hexane is added to a solution of 20 g (0.128 moles) of 1 ,5,6-trimethyl- 
indene in 200 ml of THF, during approximately 30 minutes. The resulting mixture is kept 1 hour with stirring at approx- 
imately 35°C. A yellow-green solution is obtained. Upon cooling down to -70°C, yellow lithium salt precipitates. 16.8 
g (0.064 moles) of ot.ct'-dibromo-o-xylene dissolved in 100 ml of THF is added during about 1.5 hours. During the 
addition, the precipitate dissolves, and, at the end of the addition, a colourless, clear solution is obtained. Temperature 

50 is allowed to rise up to room value and the reaction mixture is allowed to stand under these conditions during 2 hours. 
The reaction mixture is then hydrolysed with water and extracted with ethyl ether. After water washing until neutral and 
after being desiccated over sodium sulfate, the ethereal extract is evaporated. 28 g is thus obtained of a colourless, 
thick oil. Upon crystallization at -15°C from 100 ml of petroleum ether containing 3 ml of methanol, 15 g is obtained of 
a,a , -bis(3,5,6-trimethylinden-1-yl)-o-xylene. By purifying the residue obtained by evaporating mother liquors, on a silica 

55 gel column using petroleum ether as the eluent, a further 10 g is recovered of pure product (total yield 93 %). 

1 H-NMR (CDCI 3 , 6 ppm from TMS): 7.35 (m,2H); 7.27 (m,2H); 7.1 (s,2H); 7.0 (s,2H); 5.98 (m,2H); 3.57 (m,2H); 3.22 
(m,2H); 2.55 (m,2H); 2.31 (s,6H); 2.27 (s,6H); 2.09 (m,6H). 
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Synthesis of o-xylene-c^a'-bis-lTi^SjSje-trimethyO-inden-l-yl] zirconium dichloride. 

[0058] 23 ml (0.0368 moles) of methyllithium in ether is added to a suspension of 7.5 g (0,0179 moles) of a.a'-bis 
(S.S.e-trimethyl-inden-l-ylJ-o-xylene in 200 ml of ethyl ether and 3 ml of THR The resulting mixture is kept 16 hours 

5 with stirring. A whitish precipitate is formed. The resulting mixture is cooled down to -70°C and 5.2 g of ZrCI 4 (0.022 
moles) is then added. The reaction mixture is then allowed to heat up to reach room temperature. The colour turns 
from white into yellow. The resulting mixture is kept 2 hours with stirring at room temperature and is then filtered, and 
the solid material is washed with 50 ml of ethyl ether. The solid residue is extracted with 3x1 20 ml of methylene chloride. 
The extract is concentrated down to 20 ml, is filtered and the so recovered solid material is washed with 2x5 ml of cold 

10 methylene chloride, then with pentane, and is finally dried. 5.1 g of impure complex is obtained. The solid complex is 
dissolved in 100 ml of methylene chloride and the resulting mixture is filtered on celite dried at 150°C. The volume is 
reduced down to 20 ml, then the resulting mixture is filtered, is washed with few methylene chloride, then with pentane 
and is then dried. 4.0 g is obtained (yield 39 %) of NMR pure complex. 

1 H-NMR (CDCI 3 , 5ppm from TMS): 1.80 (s,6H); 2.27 (s,6H); 2.36 (s,6H); 4.15 (dd,4H); 5.90 (bs,2H); 7.19 (s,2H); 7.25 
15 (bs,2H); 7.37 (m,2H); 7.46 (bs,2H) 
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EXAMPLE 12 



[0059] An ethylene-propylene copolymerization is illustrated, which is carried out by using a catalytic system prepared 
35 by starting from metallocene C as the catalyst and alumoxane as the co-catalyst, using the "in situ" technique for 
preparing the catalytic system, as illustrated in the general section. 

[0060] The polymerization is carried out inside an autoclave of 3.3 litres of capacity thermostatted and equipped 
with magnetic stirring means. By using the same operating modalities as reported in Example 1 , in the order shown 
the following are charged: 2 litres of liquid propylene, 1 .5 x 10" 3 moles of TIBA in hexane, 3.3 x 10" 3 moles of a solution 
40 of alumoxane Eurecene 5100 10T in toluene. The reactor is heated up to the temperature of 50°C and ethylene gas 
is added until a molar concentration of 7%, is obtained in the liquid phase, and the monomer mixture is kept at 50° C 
during 30 minutes. 

[0061] To the so obtained mixture the following are added in the order shown: 3.3 x 1 0" 3 moles of methyl alumoxane 
5100 10T and 2.2 x 10- 6 moles of a solution of metallocene C with a molar ratio of Al/Zr of 1500, in toluene. The 
45 polymerization reaction is carried out at 50° C and ethylene pressure inside the reactor is kept constant as in Example 
1 . After 1 hour, ethylene feed is discontinued, the residual monomers are vented and autoclave is cooled down to room 
temperature. 150 g of polymer is recovered with a catalyst activity of 750 kg of polymer per g of zirconium metal. On 
the solid product, dried and homogenized on a roller mill, the normal physical-chemical analyses are carried out which 
show a propylene content of 51 % by weight in the polymer and a Mooney viscosity of 30. 

so 

EXAMPLE 13a 

[0062] An elastomeric, high viscosity copolymer is prepared by using a catalytic system formed by one of metal- 
locenes of general formula (I), an alkylating agent and a co-catalyst of general formula (IV), according to the same 
55 modalities as discussed in the general section. 

[0063] The polymerization is carried out inside an autoclave of 3.3 litres, thermostatted and equipped with a magnetic 
stirring means. The reactor is purged by following the same modalities as of Example 1 , is charged with 2 litres of liquid 
propylene, 5 ml (1 .5 x 10' 3 moles) of a 0.3 molar solution of TIBA in hexane, and is then heated up to 45°C. It is then 



9 



EP0 806 436 B1 

saturated with ethylene gas, in order to obtain an ethylene concentration of 12 % molar in the liquid phase and the 
monomers mixture is kept at 45°C during 30 minutes. 

[0064] To a Schlenk tube, kept under a flowing nitrogen stream the following are charged in the order shown: 2 ml 
of toluene, 1.1 ml (3.3 x 10" 4 moles) of a 3 x 10/ 1 molar solution of TIBA in hexane and 0.6 ml (1.1 x 10/ 6 moles) of an 

5 1 .9 x 10" 3 molar solution of metallocene A in toluene. The resulting solution is then kept heated at 40°C during 1 hour 
with stirring and 8 ml of toluene and 1.3 ml (3.3 x 10 -6 moles) of a 2.5 x 10* 3 molar solution of N,N'-dimethylanilinalu- 
minium tetra-(pentafluorophenyl)borate in toluene, are then added to it. The molar ratio of alkylating compound (TIBA) 
to metallocene A results to be 300 and the ratio of compound of general formula (IV) to metallocene A results to be 3. 
The so obtained solution is immediately transferred under nitrogen to the previously prepared polymerization reactor. 

10 Ethylene pressure inside the reactor is kept constant by means of a continuous feed from a cylinder charged on a 
balance, which makes it possible the absorbed monomer weight to be monitored throughout the reaction. After 1 hour 
of polymerization, ethylene feed is discontinued, the residual monomers are vented and autoclave is cooled down to 
room temperature. 130 g of polymer is recovered, with a catalyst activity of 1300 kg of polymer per g of zirconium 
metal. On the solid material, dried and homogenized on a roller mill, the normal physical-chemical analyses are carried 

is out which show a propylene content of 39 %, by weight, in the polymer, and a Mooney viscosity of 62. 

EXAMPLE 13b 

[0065] An elastomeric, high Mooney viscosity, copolymer is prepared by using a catalytic system formed by metal- 
20 locene A, TIBA as the alkylating agent, and the co-catalyst of general formula (VII) (C 6 H 5 ) 3 CB(C G F 5 ) 4 , according to 
the same modalities as indicated in Example 1 3a. 

[0066] From the polymerization reaction, 160 g of polymer is recovered, with a yield of 1600 kg of polymer per g of 
zirconium metal. 

[0067] On the solid material, dried and homogenized on a roller mill, the normal physical-chemical analyses are 
25 carried out which show a propylene content of 39 %, by weight, in the polymer, a Mooney viscosity of 42. 

EXAMPLE 14A 

Preparation of o-xylene-o^a-bis^ri^a-methyO-^SjejT-tetrahydroinden-l-yl] zirconium dichloride 
30 (metallocene D). 

[0068] o-Xylene-a,a'-bis-[Ti 5 -(3-methyl)-inden-1-yl] zirconium dichloride, i.e., metallocene A, is prepared by operat- 
ing as disclosed in Example N. 5 of Italian Patent Application IT-A-MI 95/A 001444,. 

[0069] An amount of 1 .1 g of this complex is dissolved in 50 ml of anhydrous CH 2 CI 2 containing 60 mg of Pt0 2 and 
35 3 A molecular sieves. The resulting suspension is charged to a pressure reactor and is hydrogenated under a hydrogen 
pressure of 10 MPa at 20°C during 20 hours. By adding heptane, 0.85 g (yield 77 %) of metallocene D is obtained. 
1 H-NMR (CDCI 3 , 5 ppm from TMS): 7.20 (m,4H,Ar); 5.55 (s,2H); 3.70 (dd,4H); 2.9-2.3 (m,8H); 2.0 (s,6H); 1 .8-1 .5 (m, 
8H). 

13 C-NMR (CDCI 3 , 5 ppm from TMS): 137.81; 132.89; 131.87;. 127.75; 123.68; 120.98; 118.26; 32.48; 25.27; 24.54; 
40 23.18; 22.82; 14.06. 

EXAMPLE 14b 

Copolymerizations in the presence of metallocene D. 

45 

[0070] By operating according to the same modalities as reported as in Example 1 , to the reactor the following are 
charged: 2 litres of liquid propylene, then ethylene is added in order to obtain a liquid phase containing a molar ethylene 
content of 10%, and finally 1 .5 x 10" 3 moles of TIBA is added, with the reactor being then kept at 40°C during 30 
minutes. The catalyst is prepared by starting from 20 ml of toluene, 9.2 x 10" 4 moles of methylalumoxane Eurecene 
so 5100 10Tand1.7x 10' 7 moles of metallocene D, by using the same procedure as specified in Example 1. Finally, 1.11 
x 1 0" 3 moles of hydrogen gas is added and the reaction polymerization is carried out at 40°C during 1 hour. Conditions 
and results are reported in Table 3. 

[0071] This example shows how a metallocene of general formula (I) having the A radical of (lb) structure is capable 
of producing high Mooney viscosity elastomeric copolymers in high yield. 

55 
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EXAMPLE 15a 

Preparation of o-xylene-a,a , -b!s-[Ti 5 -(3,5 ) 6-trlmethyl)-4|5»6,7-tetrahydr inden-1-yl] zlrc nium dlchlorlde 
(metal locene E). 

5 

[0072] 1 .2 g of o-xylene-a.a'-bis-tTiS-fa.S.S-trimethylj^.S.ej-tetrahydroinden-l -yl] zirconium dichloride dissolved in 
50 ml of methylene chloride containing 50 mg of PtOg and 0.5 g of 4 A molecular sieves is charged to an autoclave 
under 9.5 MPa of hydrogen during 3 days. At the end, the solution is filtered, is concentrated down to 20 ml and 50 ml 
of heptane is then added and the solution is concentrated once more down to 10 ml. The formed precipitate is filtered 
10 off, washed with pentane and dried; 0.8 g of complex is obtained the NMR spectra is the following: 
1 H-NMR (CDCI 3 , 8 ppm from TMS): 

7.22 (m); 5.71 (s); 5.50 (s,1H); 3.79 (m); 2.5 (m); 2.0 (s,3H); 1.95 (s,3H); 1.9-1.4 (m); 1.04 (d,3H); 0.98 (d,3H); 0.92 
(d,3H);0.9(d,3H). 

15 EXAMPLE 15b 

Copolymer ization In the presence of Metallocene E 

[0073] By operating according to the same modalities as reported as in Example 1 , to the polymerization reactor the 
20 following are charged: 2 litres of liquid propylene, then ethylene is added in order to obtain a liquid phase containing 
8 % of ethylene by mol, and finally 1 .5 x 10 -3 moles of TIBA is added, with the reactor being then kept at 45°C during 
30 minutes. The catalyst is prepared by starting from 20 ml of toluene, 3.6 x 10* 3 moles of metallocene E, by using the 
same procedure as specified in Example 1. The polymerization is carried out at 45°C during 1 hour. Conditions and 
results are reported in Table 3. 

25 [0074] This example shows how a metallocene of general formula (I) the A radical of which has the (lb) structure is 
capable of producing high Mooney viscosity elastomeric copolymers in high yield. 

COMPARISON EXAMPLES 16a-b 

30 Copolymer ization in the presence of metallocene H. Polymerization 16a. 

[0075] By operating according to the same modalities as reported as in Example 1 , to the polymerization reactor the 
following are charged: 2 litres of liquid propylene, then ethylene is added in order to obtain a liquid phase containing 
a molar ethylene content of 8%, and finally 1 .5 x 10~ 3 moles of TIBA is added, with the reactor being then kept at 45°C 
35 during 30 minutes.The catalyst is prepared by starting from 20 ml of toluene, 6.0 x 10~ 3 moles of methylalumoxane 
Eurecene 5100 10T and 2.0 x 10~ 6 moles of metallocene H, by using the same procedure as specified in Example 1. 
The polymerization is carried out at 45°C during 1 hour. Conditions and results are reported in Table 3. 

Polymerization 16b. 

40 

[0076] By operating according to the same modalities as reported in Example 1 , to the polymerization reactor the 
following are charged: 2 litres of liquid propylene, then ethylene is added in order to obtain a liquid phase containing 
a molar ethylene content of 8%, and finally 1 .5 x 10" 3 moles of TIBA is added, with the reactor being then kept at 40°C 
during 30 minutes. The catalyst is prepared by starting from 20 ml of toluene, 6.0 x 1Cr 3 moles of methylalumoxane 

45 Eurecene 5100 10T and 2.0 x 10 -6 moles of metallocene H, by using the same procedure as specified in Example 1 . 
The polymerization is carried out at 40°C during 1 hour. Conditions and results are reported in Table 3. 
[0077] The data relating to the comparison examples 16a-b reported in table 3 set forth how a catalytic system 
obtained by starting from a metallocene of general formula (I) in which all Rg radicals are H and with the A radical 
having the general formula (la) in which R, radicals in 3-, 4- and 7- positions are -CH 3 , with the residual R^s being all 

so -h, is not capable to produce elastomeric polymers having a high enough Mooney viscosity. 

EXAMPLE 17 

[0078] An elastomeric copolymer is produced according to the process of the present invention, using metallocene 
55 |, the preparation of which is reported in the following. 
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Synthesis of oocylene-a,a*-bis-[Ti 5 -(3-ethyl)-inden-1-yl] zirconium dichloride (metallocene I). 

[0079] To a solution of 30 ml (0.26 moles) of indene In 250 ml of THF, 105 ml Is added (0.26 moles) of 2.5 M BuLi 
in hexane, with temperature being kept comprised within the range of from 30°C to 40°C. The reaction mixture is then 

5 cooled down to -70°C and 1 9 ml (0.25 moles) of ethyl bromide is added dropwise during approximately 3 hours. The 
temperature is allowed to rise up to approximately 20-25°C and then the mixture is hydrolysed with water and extracted 
with petroleum ether. After washing until neutral, drying and evaporation of the organic phase, the obtained residue is 
distilled. The fraction boiling at 92-95°C/30 mm Hg is collected, and 28 g of 1-ethylindene is obtained (yield 78 %). 
[0080] To a solution of 20 g (0. 1 38 moles) of 1 -ethylindene in 200 ml of THF a solution is added of 56 ml (0. 1 4 moles) 

10 of 2.5 M BuLi in hexane, with temperature being kept within the range of from 30 to 40°C. The reaction mixture is then 
cooled down to -70°C and 75 ml is added dropwise of a solution of 16.5 g (0.062 moles) of a.a'-dibromo-o-xylene in 
THF, during about 3 hours. The temperature is allowed to rise up to 20-30°C, the mixture is hydrotysed with water and 
the hydrolysed mixture is extracted with petroleum ether. After washing until neutral, drying and evaporation of the 
organic phase, the residue is purified by eluting it on a silica gel column using petroleum ether as the eluent. 2.7 g is 

15 obtained (yield 89 %) of o-xylene-a,a'-bis-(3-ethyl-1 -indene), as an oil. 

1 H-NMR (CDCI 3 , 8 ppm from TMS): 7.45-7.1 (m,12H); 6.2-5.9 (m,2H); 3.9 (m,2H); 3.7 (m,1H); 3.35 (m,1H); 3.2 (m, 
1H); 2.5-2.7 (m,3H); 1.9 (m,H); 1.5 (m,1H); 1.25 (m,4H); 0.9 (m,4H). 

[0081] To the suspension of 8.4 g (0.021 5 moles) of o-xylene-a,a'-bis-(3-ethyl-1 -indene) in 200 ml of ethyl ether, 27 
ml (0.043 moles) is added of a 1.6 M solution of methyl lithium. The mixture is kept with stirring for 16 hours. A white 

20 precipitate is formed. The solution is cooled down to -70°C and 8.0 g (0.034 moles) of solid ZrC^ is added. The resulting 
mixture is kept 2 hours with stirring at room temperature and is then filtered, and the recovered solid material is washed 
with 50 ml of ethyl ether. The solid residue is extracted with 3 x 1 20 ml of methylene chloride. The solvent is evaporated 
off and then 100 ml of ethyl ether is added, and the solid residue is triturated well. The mixture is filtered and the 
recovered solid material is washed with pentane and then is dried. 4.8 g is obtained of impure complex. The solid 

2S material is dissolved in 100 ml of methylene chloride and is filtered over celite desiccated at 150°C. The volume is 
reduced down to 50 ml and then pentane is added in order to precipitate the product. 2.0 g is obtained of a solid material 
which, when dissolved in methylene chloride, yields a hazy solution; by adding pentane to mother liquors 1.1 g (yield 
9 %) of complex of NMR pure complex is obtained. 

1 H-NMR (CDCI 3 , 5 ppm from TMS): 7.55 (m,4H); 7.45 (m,4H); 7.29 (m,2H); 7.15 (m,2H); 6.0 (b,2H); 4.3 (m,4H); 2.64 
30 (m,2H); 2.0 (m,2H); 1.0(t,6H). 

Polymerizations in the presence of metallocene I. 

[0082] By operating according to the same modalities as reported as in Table 1 , to the reactor 2 litres are charged 
35 of liquid propylene and ethylene gas in order to obtain a molar ethylene content in liquid phase of 8%, and 1 .5 x 10* 3 
moles of TIBA, with the reactor being then kept at 45°C during 30 minutes. The catalyst is prepared by starting from 
20 ml of toluene, 6.0 x 10* 3 moles of methylalumoxane Eurecene 5100 10T and 2.0 x 10* 6 moles of metallocene I, by 
using the same procedure as specified in Example 1. Finally, 2.77 x 10" 3 moles of hydrogen gas is added and the 
reaction polymerization is carried out at 45°C during 1 hour. Conditions and results are reported in Table 3. 
40 [0083] This example shows how the catalytic system obtained by starting from a metallocene of general formula (I) 
in which all R 2 's are H and with the A radical of structure (la) having R 1 in 3-position equal to ethyl and all other R/s 
equal to H, is capable of producing high Mooney viscosity elastomeric copolymers in high yield. 

EXAMPLE 18 

45 

[0084] An elastomeric copolymer is obtained according to the present invention by using metallocene L, the prepa- 
ration of which is reported in the following. 

Synthesis of o-xylene-a,a'-bis-[Ti 5 -(3-phenyl)-inden-1-yl] zirconium dichloride (metallocene L). 

50 

a) Synthesis of 1-phenyllndene. 

[0085] To the solution of 90 g (0.0608 moles) of cinnamic acid in 400 ml of benzene 300 g (2.25 moles) of aluminium 
trichloride is added, beginning with a very slow addition rate. At the end, the mixture is kept refluxing for 22 hours. The 
55 resulting reaction mixture is hydrolysed with ice and is extracted with ethyl ether which is washed first with water until 
neutral, and then with a solution of 10 % sodium hydroxide. The organic extract is then desiccated and evaporated. 
The residue is triturated with petroleum ether, is then filtered and is then washed with a small amount of diisopropyl 
ether, then once more with petroleum ether and is dried yielding 76 g (yield of 60 %) of 3-phenyl-1 -indanone. 
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[0086] Keeping the temperature at -5°C, to a suspension of 5.0 g (0.131 moles) of LiAIH 4 in 300 ml of ethyl ether, 
35 g (0.168 moles) is added of 3-phenyl-1 -indanone dissolved in 50 ml of THF. The oil obtained by evaporating ether 
(40 g), is dissolved in 300 ml of toluene containing 20 g of SiO s and kept refluxing for 2 hours, with formed water being 
distilled off. The resulting mixture is filtered, the solvent is evaporated and by distillation 18 g is obtained (yield of 50 
5 %) of 1 -phenylindene boiling at 95-100°C/0.2 mm Hg. 

b) Synthesis of o-xy!ene-a,ot'-bls-(3-phenyl-1-indene). 

[0087] To a solution of 16 g (0.0833 moles) of 1 -phenylindene in 200 ml of THF, 34 ml (0.085 moles) is added of 2.5 
10 M BuLi in hexane. The resulting mixture is cooled down to -70°C and 1 g (0.041 moles) is added dropwise of a,a'- 
dibromo-o-xylene. The mixture is allowed to reach room temperature, then is hydrolysed with water and extracted with 
ethyl ether. The organic phase is washed until neutral, is then dried and evaporated. By purification on a silica gel 
column with petroleum ether as the eluent, 18 g of product is obtained (yield of 90 %). 
1 H-NMR (CDCI3, 5 ppm from TMS): 7.80-7.0 (m,22H); 6.75 (m,1H); 6.5 (m,1H); 4.2-4.4 (m,6H). 

75 

c) Synthesis of o-xylene-a,a'-bis-[T| 5 -(3-phenyl)-inden-1-yl] zirconium dichloride (metallocene L). 

[0088] To a suspension of 9.0 g (0.0185 moles) of o-xylene-a,a , -bis-(3-phenyl)-1 -indene in 200 ml of ethyl ether, 24 
ml is added of a 1 .6 M solution of methyllithium in ethyl ether (0.038 moles). The resulting mixture is kept with stirring 

20 for 16 hours. A white precipitate forms. The reaction mixture is cooled down to -70°C and then 5.5 g (0.024 moles) of 
solid ZrCI 4 is added. The reaction mixture is then allowed to reach room temperature and is kept with stirring for 2 
hours, is then filtered and the collected solid material is washed with 50 ml of ethyl ether. The solid residue is extracted 
with 3 x 1 20 ml of methylene chloride. The solvent is evaporated off and 100 ml of ethyl ether is added, while carefully 
triturating the solid material. The resulting mixture is filtered and the collected solid is washed with pentane and is then 

25 desiccated. 4.8 g of impure complex is obtained. The solid material is dissolved in 100 ml of methylene chloride and 
is filtered on celite desiccated at 150°C. The volume is reduced down to 50 ml, then pentane is added in order to 
precipitate the product. 2.0 g is obtained of a solid product which, when dissolved in methylene chloride, yields a hazy 
solution. By adding pentane to mother liquors 1 .2 g is obtained (yield of 10 %) of NMR pure complex. 
1 H-NMR (CDCI3, 8 ppm from TMS): 7.6-6.9 (m,22H); 6.64 (bs,1H); 6.4 (bs,1H); 4.44 (d,2H); 4.28 (d,2H). 

30 

d) Polymerization in the presence of metallocene L. 

[0089] By operating according to the same modalities as reported In Table 1 , to the reactor 2 litres of liquid propylene 
and ethylene gas are charged in order to obtain a molar ethylene content in liquid phase of 8%, and 1 .5 x 10 3 moles 

35 of TIBA, with the reactor being then kept at 45°C during 30 minutes. The catalyst is prepared by starting from 20 ml 
of toluene, 6.0 x 10' 3 moles of methylalumoxane Eurecene 5100 10Tand 2.0 x 10/ 6 moles of metallocene L, by using 
the same procedure as specified in Example 1. Finally, 1.11 x 10' 3 moles of hydrogen gas is added and the reaction 
polymerization is carried out at 45°C during 1 hour. Conditions and results are reported in Table 3. 
[0090] This example shows how the catalytic system obtained by starting from a metallocene of general formula (I) 

40 in which all R 2 's are H and with the A radical of structure (la) having R-, radical in 3-position equal to -C 6 H 5 and all 
other R/s equal to H, is capable of producing high Mooney viscosity elastomeric copolymers in high yield. 



TABLE 3 



45 



55 



Example 


14b 


15b 


Comp. 16a 


Comp. 16b 


17 


18 


Metallocene 


D 


E 


H 


H 


I 


L 


C2 % in the liquid phase 


10 


12 


8 


8 


8 


8 


Temp. °C 


40 


45 


45 


40 


45 


45 


H 2 mmol/t 


1.11 








2.77 


1.11 


Ratio of MAO/Zr 


5400 


3000 


3100 


3000 


3800 


3000 


Activity kg/g Zr*h 


3900 


1000 


300 


500 


1200 


500 


Propylene (% w) 


50 


30 


56 


45 


47 


36 


ML (1+4) 100°C 


60 


20 


<10 


10 


26 


25 
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EXAMPLE 19 

[0091] An ethylene/propylene/diene terpolymer is prepared by using a catalytic system consisting of metallocene E 
and using 1 ,4-hexadiene as the diene. The example shows as, in accordance with the present invention, ethylene/ 

s propylene copolymers containing unsaturation to be used in elastomer curing can be prepared. 

[0092] By operating according to the same modalities as reported in Example 1, to the reactor the following ingre- 
dients are charged: 2 litres of liquid propylene,. 26 ml of 1 ,4-hexadiene and 5 ml (1.5 x 10* 3 moles) of a 0.3 molar TIBA 
solution in hexane. The reactor is then heated up to the desired polymerization temperature of 45°C and ethylene gas 
is added in order to obtain a molar ethylene content in the liquid phase of 10% and the monomers mixture is kept at 

10 45°C during 30 minutes. 

[0093] The catalyst solution is then added which is obtained by mixing 1 0 ml of toluene, 1 .4 x 1 0 -3 moles of Eurecene 
5100 10T and 6.9 x 10' 7 moles of metallocene G. The container is washed with 10 ml of toluene containing a further 
amount of 1.4 x 10 -3 moles of Eurecene 5100 10T, with a molar ratio of AhZrof 400 being thus obtained in the reactor. 
To the reactor 2.77 x 1 0r 3 moles of hydrogen is added and the polymerization is then carried out at 45°C during 1 hour 

is and, at the end, 83 g of polymer is recovered, which corresponds to a catalyst activity of 1200 kg of polymer per g of 
zirconium metal. On the resulting solid product, dried and homogenized on a roller mill the normal physical-chemical 
analyses are carried out which display a propylene content of 42% by weight in the polymer, a Mooney viscosity of 35 
and a content of copolymerized 1 ,4-hexadiene of 3.0 % by weight. 

20 EXAMPLE 20 

[0094] The mechanical properties are determined of the polymers prepared in Examples 2, 3, 6 and 7. 
[0095] By operating according to the previously reported vulcanization formulation, vulcanized compounds were 
prepared using, in each case, 100 g of polymer. After vulcanization, specimens were obtained from the materials, the 
25 mechanical properties of which, as determined according to the modalities as indicated in the general section, are 
reported in following Table 4. 



TABLE 4 



30 





Tensile strength 


Elongation at break 


Tension set 200% 


Shore A hardness 


Polymer 


(MPa) 


(MPa) 


% 


Ex.2 


11.8 


441 


5 


52 


Ex. 3 


8.9 


692 


7 


47 


Ex.6 


15.2 


440 


8 


54 


Ex.7 


9.4 


650 


8 


41 



[0096] The data of Table 4 show how the polymers obtained according to the operating modalities according to the 
present invention display values of tensile strength, elongation at break, deformation and hardness, which are typical 
of elastomeric materials. 



Claims 

45 

1. Process for preparing elastomeric copolymers of ethylene-propylene (EPM) type and elastomeric terpolymers of 
ethylene-propylene-diene (EPDM) type with propylene contents comprised within the range of from 15 to 75 % by 
weight, which comprises the following steps: 

50 1 ) propylene and optional diene are fed to a polymerization reactor, under such a p ressure as to allow propylene 

to be used in liquified form; 

2) ethylene is added to the mixture obtained from above step (1 ) in a sufficient amount for keeping the desired 
ethylene:propylene ratio in the liquid phase; 

3) to the mixture obtained from above step (2), the catalytic system is added which comprises one or more 
55 metallocenes having the general formula (I) and one or more co-catalysts selected from (i) compounds with 

general formula (IV) (Ra^NH^BfRd)^ with general formula (V) (Ra) 3 PHB(Rd) 4 , with general formula (VI) B 
(Rd) 3 , with general formula (VII) (C 6 H 5 ) 3 CB(Rd) 4l optionally in the presence of an alkylating agent, (ii) atu- 
moxane; in said compounds of general formula (IV), (V), (VI) or (VII), x being selected from 1 , 2 or 3; the Ra 
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groups which may be the same or different from one another, being monofunctional alkyl or aryl radicals and 
the Rd groups, which may be the same or different from one another, being monofunctional aryl radicals. 
4) the mixture obtained from above step (3) is caused to react during a long enough time in order to allow the 
polymerization to take place of the system constituted by ethylene, propylene and optional diene system in 
order to yield an EP(D)M having a Mooney viscosity (ML 1+4 at 100°C) higher than 20, the Mooney viscosity 
(1+4) being determined at 100°C according to ASTM Method D 1646/68 ; 

characterized in that the catalytic system comprises at least one metallocene selected from those having 
the general formula (I) 




wherein 

M is zirconium; 

X is chlorine; 

A is a radical of Ti 5 -indenyl type (la) or r| 5 -tetrahydroindenyl type (lb) 




da) (lb) 



wherein the radicals R., and R 2 , which may be the same or different from each other, are selected from H, 
aliphatic radical, cycloaliphatic radical, aryl radical; with those compounds in which A is represented by formula 
(la), R 2 = H and R-, is different from -H in 3-, 4- and 7-positions, being excluded. 

Process according to claim 1, characterized in that elastomeric ethylene-propylene copolymers (EPM) or elasto- 
meric ethylene-propylene-diene terpolymers (EPDM) are produced with a propylene content comprised within the 
range of from 25 to 70%. 

Process according to claim 2, characterized in that propylene content si comprised within the range of from 35 to 
60% by weight. 

Process according to claim 1 , characterized in that elastomeric ethylene-propylene-diene terpolymers (EPDM) are 
produced with a lower diene content than 15% by weight. 

Process according to claim 4, characterized in that diene content is comprised within the range of from 2 to 10 % 
by weight. 
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6. Process according to claim 1 , characterized in that and R 2 , which may be the same or different from each other, 
are selected from hydrogen, methyl, ethyl, phenyl. 

7. Process according to claim 1 , in which all R^s are the same and are -H and in A radical the number of Ri's different 
s from -H is equal to, or lower than, 3. 

8. Process according to claim 1 , characterized in that the metallocene having the general formula (I) is selected from: 

o-xylene-a,a'-bis-[ri 5 -(3-methyl)-inden-1 -yl] zirconium dichloride; 
10 o-xylene-a,a'-bis-[r| 5 -(5,6-dimethyl)-inden-1 -yl] zirconium dichloride; 

o-xylene-a,a'-bis-(r| 5 -(4,7-dimethyl)-inden-1 -yl] zirconium dichloride; 

o-xylene-a.a'-bis-ft^S-methyl)^, 5,6,7-tetrahydroinden-1-yl] zirconium dichloride; 

o-xylene-ct,a'-bis-[r| 5 -(3, 5,6-trimethyl) -4,5,6,7 -tetrahydroinden-1 -yl] zirconium dichloride; 

o-xylene-a,a'-bis-[r| 5 -inden-1-yl] zirconium dichloride; 
15 o-xylene-a,a'-bis-[ri 5 -(3,5,6-trimethyl)-inden-1-yl] zirconium dichloride; 

o-xylene-a,a'-bis-[rj 5 -(3-ethyl)-inden-1 -yl] zirconium dichloride; 

o-xylene-a,a'-bis-[T| 5 -(3-phenyl)-inden-1 -yl] zirconium dichloride; 

o-xylene-a,a'-bis-[r| 5 -4 > 5,6 l 7-tetrahydroinden-1-yl] zirconium dichloride. 

20 9. Process according to claim 1 , characterized in that in the step (1 ) propylene and optional diene are diluted with a 
hydrocarbon, still more preferably with a low boiling C 3 -C 5 hydrocarbon, preferably propane. 

10. Process according to claim 1, characterized in that the polymerization temperature is comprised within the range 
of from -78°C up to 200°C, preferably of from -20°C up to 100°C, still more preferably of from 10°C up to 70°C 

25 and the polymerization pressure is comprised within the range of from atmospheric pressure up to 50 kg/cm 2 G. 

1 1 . Process according to claim 1 , characterized in that, in the event when the co-catalyst is alumoxane, the molar ratio 
of aluminium:metallocene is comprised within the range of from 5x1 0 2 to 2x1 0 4 . 

30 12. Process according to claim 1 , characterized in that the concentration of metallocene (I) in the reaction mixture is 
comprised within the range of from 10' 8 up to 10 -4 mole/litre. 

13. o-Xylene-a,a'-bis-[r| 5 -(3-methyl)-4,5 ) 6,7-tetrahydroinden-1-yl] zirconium dichloride, i.e., compound of general for- 
mula (I) in which R 2 = H, X = CI, M = Zr, A has the structure (lb) in which R = CH 3 in 3-position, Rj = H in all other 

35 positions. 

14. o-Xylene-a,a'-bis-[Ti 5 -(3 l 5,6-trimethyl)-4,5,6,7-tetrahydroinden-1-yl] zirconium dichloride, i.e., compound of gen- 
eral formula (I) in which R 2 = H, X - CI, M = Zr, A has the structure (lb) in which = CH 3 in 3-, 5- and 6-positions, 
R-, = H in all other positions. 

40 

15. o-Xylene-a,a'-bis-[r| 5 -(3-ethyl)-inden-1-yl] zirconium dichloride, i.e., compound of general formula (I) in which R 2 
= H, X = CI, M = Zr, A has the structure (la) in which R 1 = C 2 H 5 in 3-position, R 1 = H in all other positions. 

16. o-Xylene-a,a , -bis-[r| 5 -(3-phenyl)-inden-1-yl] zirconium dichloride, i.e., compound of general formula (I) in which 
45 R 2 = H, X = CI, M = Zr, A has the structure (la) in which R1 = phenyl in 3-position, 3-position, R1 = H in all other 

positions. 

17. o-Xylene-a,a'-bis-[r| 5 -(3,5,6-trimethyl) -inden-1-yl] zirconium dichloride, i.e., compound of general formula (I) in 
which R 2 = H, X = CI, M = Zr, A has the structure (la) in which R t = CH 3 in 3-, 5- and 6-positions, R n = H in ail 

50 other positions. 



Patentanspruche 

1. Verfahren zur Herstellung von elastomeren Copolymeren des Ethylen-Propylen (EPM)-Typs und von elastomeren 
Terpolymeren des Ethylen-Propylen-Dien (EPDM)-Typs mit Propylengehalten im Bereich von 15 bis 75 Gew.-%, 
welches die folgenden Stufen umfaGt: 
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1) Propylen und gegebenenfatls Dien warden unter einem solchen Druck, daft Propylen in verflussigter Form 
einsetzbar ist, in einen Polymerisationsreaktor geleitet, 

2) Ethylen wird zu dem in der obigen Stufe (1) erhaftenen Gemisch in einer solchen Menge zugefugt, die 
ausreicht, um das gewunschte Ethylen:Propylen-Verhaltnis in flussiger Phase zu halten, 

3) zu dem in der obigen Stufe (2) erhaltenen Gemisch wird ein Katalysatorsystem zugegeben, welches ein 
oder mehr Metallocene der allgemeinen Formel (I) und einen oder mehr Cokatalysatoren, ausgewahlt unter 
(i) Verbindungen der allgemeinen Formel (IV) (Ra) x NH4. x B(Rd) 4 , der allgemeinen Formel (V) (Ra) 3 PHB(Rd) 4> 
der allgemeinen Formel (VI) B(Rd) 3 , der allgemeinen Formel (VII) (C 6 H 5 ) 3 CB(Rd) 4 , gegebenenfalls in Gegen- 
wart eines Alkylierungsmittels, (ii) Alumoxan umfaGt, wobei in den Verbindungen der allgemeinen Formel (IV), 
(V), (VI) oder (VII) x unter 1 , 2 oder 3 ausgewahlt ist, die Gruppen Ra, die gleich oder verschieden sein konnen, 
monofunktionelle Alkyl- oder Arylreste sind und die Gruppen Rd, die gleich oder verschieden sein konnen, 
monofunktionelle Arylreste bedeuten, 

4) das aus der obigen Stufe (3) resultierende Gemisch wird wahrend einer Dauer umgesetzt, die ausreicht, 
um die Polymerisation des aus Ethylen, Propylen und gegebenenfalls dem Dien bestehenden Systems zu 
ermoglichen und ein EP(D)M mit einer Mooney-Viskositat (ML 1+4 bei 100°C) von mehr als 20 zu erreichen, 
wobei die Mooney-Viskositat (1+4) bei 100°C nach der ASTM-Methode D 1646/68 bestimmt wird, 
dadurch gekennzeichnet, daB das Katalysatorsystem mindestens ein Metallocen enthalt, das unter Verbin- 
dungen der allgemeinen Formel (I) 




ausgewahlt ist, 
worin 

M Zirkonium bedeutet, X Chlor ist, A ein Rest des r[ 5 -lndenyltyps (la) oder ii 5 -Tetrahydroindenyltyps (lb) ist 




da) (lb) 



worin die Reste R 1 und R 2 , die gleich oder verschieden sein konnen, unter H, aliphatischen Resten, cycloali- 
phatischen Resten, Arylresten ausgewahlt sind, wobei Verbindungen, in denen A durch Formel (la) dargestellt 
ist, R 2 = H und in 3-, 4- und 7-Stellung verschieden von -H ist, ausgenommen sind. 

Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB elastomere Ethylen-Propylen-Copolymere (EPM) oder 
elastomere Ethylen-Propylen-Dien-Terpolymere (EPDM) mit einem Propylengehalt im Bereich von 25 bis 70 % 
hergestellt werden. 
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3. Verfahren nach Anspruch 2, dadurch gekennzeichnet, daB der Propylengehalt im Bereich von 35 bis 60 Gew-% 
liegt. 

4. Verfahren nach Anspruch 1, dadurch gekennzeichnet, da3 elastomere Ethylen-Propylen-Dien-Terpolymere 
5 (EPDM) mit einem niedrigeren Diengehalt als 15 Gew.-%-hergestellt werden. 

5. Verfahren nach Anspruch 4, dadurch gekennzeichnet, daB der Diengehalt im Bereich von 2 bis 10 Gew.-% liegt. 

6. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB Rj und R 2 , die gleich oder verschieden sein konnen, 
10 unter Wasserstoff, Methyl, Ethylen und Phenyl ausgewahlt sind. 

7. Verfahren nach Anspruch 1 , wobei alle Reste gleich sind und -H bedeuten, und daft in dem Rest A die Anzahl 
der von -H verschiedenen Reste gleich 3 oder niedriger als 3 ist. 

15 8. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, daft das Metallocen der allgemeinen Formel (I) ausgewahlt 
ist unter: 

o-Xylol-a,a'-bis-[r| 5 -(3-methyl)-inden-1-yl] zirkoniumdichlorid; 

o-Xylol-a,a'-bis-[n 5 -(5,6-dimethyl)-inden-1-yl] zirkoniumdichlorid; 
20 o-Xylol-a,a'-bis-[Ti 5 -(4 l 7-dimethyl)-inden-1-yl]zirkoniumdichlorid; 

o-Xylol-a,a'-bis-[Ti 5 -(3-methyl)-4 > 5,6,7-tetrahydroinden-1-yl] zirkoniumdichlorid; 

o-Xylol-a,a'-bis-[T] 5 -(3 l 5 l 6-trimethyl)-4 l 5 ) 6 l -tetrahydroinden-1-yl]zirkoniumdichlorid; 

o-Xylol-a,a'-bis-[T| 5 -inden-1-yl] zirkoniumdichlorid; 

o-Xylol-a,a'-bis-[r| 5 -(3 ) 5,6-trimethyl)-inden-1-yl]zirkoniumdichlorid; 
25 o-Xylol-a,a'-bis-[T| 5 -(3-ethyl)Hnden-1-yl]zirkoniumdichlorid; 

o-Xylol-a,a'-bis-[Ti 5 -(3-phenyl)-inden-1-yl] zirkoniumdichlorid; 

o-Xylol-a.a'-bis-lTi^^.ej-tetrahydroinden-l-ylJzirkoniumdichlorid. 

9. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB in Stufe (1) Propylen und gegebenenfalls Dien mit 
30 einem Kohlen wasserstoff, starker bevorzugt mit einem niedrigsiedenden C 3 -C 5 -Kohlenwasserstoff , vorzugsweise 

Propan, verdunnt werden. 

10. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB die Polymerisationstemperatur im Bereich von -78°C 
bis 200°C, vorzugsweise von -20°C bis 100°C, starker bevorzugt von 10°C bis 70°C liegt und der Polymerisati- 

35 onsdruck im Bereich von Atmospharendruck bis 50 kg/cm 2 G liegt. 

11. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, daB in dem Fall, daB der Cokatalysator Alumoxan ist, das 
Molverhaltnis von Aluminium zu Metallocen im Bereich von 5 x 10 2 bis 2 x 10 4 liegt. 

40 12. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB die Konzentration von Metallocen (I) im Reaktionsge- 
misch im Bereich von 10 -8 bis 10" 4 Mol/Liter ist. 

13. o-Xylol-a l a , -bis-[ii 5 -(3-methyl)-4,5,6,7-tetrahydroinden-1-yl]zirkoniumdichlorid, d.h. Verbindung der allgemeinen 
Formel (I), worin R 2 = H, X = CI, M = Zr, A die Struktur (lb) hat, wobei = CH 3 in 3-Stellung, R-, = H in alien 

45 anderen Stellungen. 

14. o-Xylol-a,a'-bis-[T| 5 -(3 > 5,6-trimethyl)-4 ! 5 ! 6,7-tetrahydroinden-1-yl]zirkoniumdichlorid, d.h. Verbindung der allge- 
meinen Formel (I), in der R 2 = H, X = CI, M = Zr, A die Struktur (lb) hat, worin R : = CH 3 in 3-, 5- und 6-Stellung, 
und Rt = H in alien anderen Stellungen. 

50 

15. o-Xylol-a,a'-bis-[Ti 5 -(3-ethyl)-inden-1-yl]zirkoniumdichlorid > d.h. Verbindung der allgemeinen Formel (I), in der R 2 
= H, X = CI, M = Zr, A die Struktur (la) hat, worin - C 2 H 5 in 3-Stellung, R 1 = H in alien anderen Stellungen. 

16. o-Xylol-a,a'-bis-[T| 5 -(3-phenyl)-inden-1-yl]zirkoniumdichlorid, d.h. Verbindung der allgemeinen Formel (I), in der 
55 R 2 = H, X = CI, M = Zr, A die Struktur (la) hat, worin Rj = Phenyl in 3-Stellung, Rj = H in alien anderen Stellungen. 

17. o-Xylol-a.a'-bis-Iri^fS^.e-trimethyO-inden-l-yllzirkoniumdichlorid, d.h. Verbindung der allgemeinen Formel (I), in 
der R 2 = H, X = CI, M = Zr, A die Struktur (la) hat, worin R-, = CH 3 in 3-, 5- und 6-Stellung, R 1 = H in alien anderen 
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Stellungen. 



Revendications 

5 

1. Procede pour preparer des copolymers eiastomeriques de type ethylene/propylene (EPM) et des terpolymeres 
6lastom6riques de type 6thylene/propylene/diene (EPDM) qui presentent des teneurs en propylene se situant 
dans Pintervalle allant de 15 a 75 % en poids, lequel procede comprend les etapes suivantes : 

10 1) on amene du propylene et un diene 6ventuel dans un r6acteur de polymerisation, sous une pression telle 

qu'elle permet au propylene d'etre utilise sous une forme liquefide ; 

2) on ajoute de ('ethylene au melange obtenu dans retape (1) ci-dessus, en une quantity suffisante pour 
conserver le rapport voulu ethytene:propylene dans la phase liquide ; 

3) au melange obtenu dans retape (2) ci-dessus, on ajoute un systeme catalytique qui comprend un ou plu- 
15 sieurs metallocenes repondant a la formule g6n6ra!e (I) et un ou plusieurs cootalyseurs choisis parmi (i) les 

composes repondant a la formule generate (IV) (Ra^NH^BfRd)^ les composes repondant a la formule ge- 
nerate (V) (Ra) 3 PHB(Rd) 4 , les composes repondant a la formule g6n6rale (VI) B(Rd) 3 , et les composes re- 
pondant a la formule generate (VII) (C 6 H 5 ) 3 CB(Rd) 4 , eventuellement en presence d'un agent d'alkylation, et 
(ii) un aluminoxane ; x etant choisi parmi 1, 2 ou 3 ; les groupes Ra qui peuvent etre identiques ou differents 
20 les uns des autres, repr6sentant des groupes alkyle ou aryle monofonctionnel et les groupes Rd qui peuvent 

dtre identiques ou differents les uns des autres, repr6sentant des groupes aryle monofonctionnel dans lesdits 
composes de formules generates (IV), (V), (VI) ou (VII) ; 

4) on fait reagir le melange obtenu dans retape (3) ci-dessus pendant une duree suffisamment iongue pour 
permettre a la polymerisation du systeme constitue par de rethytene, du propylene et un diene eventuel, d'avoir 

2S lieu, afin d'obtenir un EP(D)M presentant une viscosite Mooney (ML 1+4 a 100 °C) superieure a 20, la viscosite 

Mooney (1+4) etant determinee a 100 °C selon la norma ASTM D1 646/68 ; 

caracterise en ce que le systeme catalytique comprend au moins un metallocene choisi parmi ceux repondant a 
la formule generate (I) : 

30 



35 



40 




dans laquelle : 

M repr6sente un atome de zirconium, 
45 X represente un atome de chlore, 

A represente un groupe de type T] 5 -indenyte (la) ou T[ 5 -tetrahydroindenyle (lb) : 



so 



55 
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10 




2-R. 



R H R 




H R 



(la) 



(lb) 



is dans lesquels les groupes et R 2 , qui peuvent §tre identiques ou diff erents les uns des autres, sont choisis parmi 

H, un groups aliphatique, un groupe cycloaliphatique, un groupe aryte ; 

les composes dans lesquels A est represents par la formule (la), R^H et R-, est different de -H en positions 3-, 
4- et 7-, etant exclus. 

20 2. ProcedS selon la revendication 1 , caracterise en ce que les copolymers elastom6riques d'ethylene/propylene 
(EPM) ou les terpolymeres 6lastom£riques d'ethylene/propylene/diene (EPDM) sont produits avec une teneur en 
propylene se situant dans rintervalle allant de 25 a 70 %. 

3. Precede selon la revendication 2, caracterise en ce que la teneur en propylene se situe dans rintervalle allant de 
2S 35 a 60 % en poids. 

4. Precede selon la revendication 1 , caracterise en ce que les terpolymeres elastomeriques d'ethylene/propylene/ 
diene (EPDM) sont produits avec une teneur en diene inferieure a 15 % en poids. 



30 5. Precede selon la revendication 4, caracterise en ce que la teneur en diene se situe dans rintervalle allant de 2 a 
1 0 % en poids. 

6. Precede selon ia revendication 1 , caracterise en ce que R 1 et R 2 qui peuvent etre identiques ou differents les uns 
des autres, sont choisis parmi un atome d'hydrogene, les groupes methyle, ethyle et phenyle. 

35 

7. Precede selon la revendication 1 , caracterise en ce que tous les R, sont identiques et represented -H, et le nombre 
de R 1 different de -H est inferieur ou egal a 3 dans le groupe A. 

8. Precede selon la revendication 1, caracterise en ce que le metallocene repondant a la formule generate (I) est 
40 choisi parmi : 

le dichlorure d'o-xylene-aa'-bishS-tS-methyOinden-l-yllzirconium ; 
le dichlorure d'o-xylene-a.a'-bislTi^fS.e-dimethylJinden-l -yl]zirconium ; 
le dichlorure d , o-xylene-a,a , -bis[r| 5 -(4,7-dim6thyl)ind6n-1-yl]zirconium ; 
le dichlorure d'o-xylene-a ( a'-bis[T| 5 -(3-m6thyl)-4,5,6,7-t6trahydroind6n-1-yl] zirconium ; 
le dichlorure d'o-xylene-a,a , -bis[T| 5 -(3 l 5 l 6-trimethyl)-4,5,6,7-tetrahydroinden-1-yl]zirconium ; 
le dichlorure d'o-xylene-a.a'-bistTi^indenyl-l-ylJzirconium ; 
le dichlorure d'o-xylene-a.a'-bislTiS-f^S.e-trimethylJinden-l-yllzirconium ; 
le dichlorure d'o-xylene-a.a'-bist^^S-ethyOinden-l-ylJzirconium ; 
le dichlorure d'o-xylene-a ( a'-bis[Ti 5 -(3-ph6nyl)inden-1-yl]zirconium ; 
le dichlorure d , o-xylene-a,a'-bis-[T| 5 -4,5 l 6,7-tetrahydroind6n-1 -yl]zirconium. 
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9. Precede selon la revendication 1, caracterise en ce que dans I'etape (1), le propylene et le diene eventuel sont 
dilues avec un hydrccarbure, mieux encore avec un hydrocarbure en C 3 -C 5 de faible point d'ebullition, de prefe- 
rence le propane. 



10. Proc6de selon la revendication 1 , caract6ris6 en ce que la temperature de polymerisation se situe dans rintervalle 
allant de -78 °C.a 200 °C, de preference dans rintervalle allant de -20 °C a 100 °C, mieux encore de 10 °C a 70 
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°C, et la pression de polymerisation se situe dans I'intervalle allant de la pression atmospherique a 50 kg/cm 2 au 
manometre. 

11. ProcedS selon la revendication 1, caract6rise en ce que, dans le cas ou le co-catalyseur est un aluminoxane, le 
rapport molaire aluminium:metallocene se situe dans I'intervalle allant de 5x1 0 2 a 2x1 0 4 . 

12. Precede selon ia revendication 1, caracterise en ce que la concentration de metallocene (I) dans le melange 
reactionnel se situe dans I'intervalle allant de 10* 8 a 10* 4 moles. 

13. Dichlorure d'o-xylene-a,a , -bis[Ti 5 -(3-methyl)-4 l 5 l 6,7-t6tra-hydroind6n-1 -yl] zirconium, c'est-a-dire compose de for- 
mule gSnerale (I) dans laquelle R^H, X=CI, M=Zr, A a la structure (lb) dans laquelle R 1 =CH 3 en position 3, R^H 
sur toutes les autres positions. 

14. Dichlorure d , o-xylene-a,a'-bis[T| 5 -(3,5 p 6-trimethyl)-4,5,6, 7-tetrahydroinden-1-yl]zirconium, c'est-a-dire compose 
de tormule gSnerale (I) dans laquelle R^H, X=CI, M=Zr, A a la structure (lb) dans laquelle R 1 =CH 3 en positions 
3, 5 et 6, R^H sur toutes les autres positions. 

15. Dichlorure d'o-xylene-a,a'-bis[Ti 5 -(3-ethyl)ind6n-1 -yl]zirconium, c'est-a-dire compose de formule generate (I) dans 
laquelle R2=H, X=CI, M=Zr, A a la structure (la) dans laquelle R 1 =C 2 H 5 en position 3, R^H sur toutes les autres 
positions. 

16. Dichlorure d'o-xylene-a,a'-bis[Ti 5 -(3-ph6nyl)inden-1-yl]zirconium, c'est-a-dire compose de formule gen6rale (I) 
dans laquelle R^H, X=CI, M=Zr, A a la structure (la) dans laquelle R^phenyle en position 3, R^H sur toutes les 
autres positions. 

17. Dichlorure d'o-xylene-a,a'-bis[Ti 5 -(3,5,6-trimethyl)ind6n-1-yl]zirconium l c'est-a-dire compose de formule generale 
(I) dans laquelle R 2 =H, X=CI, M=Zr, A a la structure (la) dans laquelle R 1 =CH 3 en positions 3, 5 et 6, R^H sur 
toutes les autres positions. 
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